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INTRODUCTION 


The  use  of  river-borne  silt  to  mpdntrdn  soil  fertility-  is  one 
of  the  most  ancient  agricultural  practices  of  man.    The  Egj^Dtians, 
for  more  than  A., 000  j^ars^  have  depended  upon  the  annual  inmidations 
of  the  Nile  to  supply  fertilizing  mud  to  their  soil.    Their  basin- 
irrigation  iTorks  from  the  time  of  the  Pharoahs  have  been  designed  to 
catch  and  hold  the  finely  divided  red  sediment  v.hich  is  brought  doT.ai 
each  3^ar  by  the  Nile  from  the  Abyssinian  Plateaus.    The  Biblical 
saying,  "Cast  thjr  bread  upon  the  T/aters  (Eccl,  11:1),  alludes 

to  the  ancient  method  of  throydng  seed  upon  the  receding  flood  wrters 
of  the  Nile  so  that  the  seed  irould  be  carried  down  T.i.th  and  geminrte 
in  tlie  fertile  sedment. 

History  records  that  George  'Washington,  in  17S5 ^  attempted  to 
obtrin  a  dredge  to  recover  Potomac  River  m.ud  for  application  to  the 
soil  on  his  Mount  Vernon  estate,  and  the  strnding  toast  there,  --accord- 
ing to  Noah  Yfebster,  vras  "Success  to  the  miud,"     Througt^out  mrny 
centuries  and  in  many  countries,  including  England,  France,  SYdtzer-« 
land,  Italy,  Turkestan,  India,  and  China,  river  sediiiients  have  bec:n 
utilized  for  improving  and  reclaiming  land.    Although  the  methods  of 
application  of  sediment  have  varied  in  different  areas,  the  objectives 
have  alvfays  been  the  s rne— to  build,  improve,  rnd  enrich  land  by  the 
application  of  Y7ater--borne  sediment. 

The  follovd.ng  resolution  vfas  passed  by  an  Agricultural  Con- 
ference held  at  Ravenna,  Italy,  Jui:e  7,  190U:    "That  v-nerever 
fertilizing  silt  is  available ;  it  is  a  gra\re  economical  error  not  to 
profit  by  it," 

Because  increased  food  production  is  required  to  meet  military, 
Lend.-Lease,  and  domestic  needs  during  the  rrar,  it  is  highly  important 
at  this  time  that  vre  maintain  the  fertility  of  our  soil  c?nd  keep  up 
food  production  by  all  possible  m^eans.    Since  certain  commercial 
fertilizers,  especially  those  containing  high  nitrogen  content,  m.ay 
not  be  available  in  as  large  quantities  as  form.erly,  the  famer  should 
be  on  the  alert  for  other  possible  means  of  fertilizing  his  land. 
Farmers  vrill  find  it  generally  ad\n.sable  or  necessary  to  depend  more 
heavily  on  legumes,  fam  m^anure ,  so^/bean  meal,  and  cot-oonseed  meal,  to 
supplement  nitrogen  fertilizers. 
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Tfhere  farms  are  adjacent  to  streams  that  carry  and  deposit 
silt^  it  may  be  possible  to  use  this  material  as  rn  aid  toward  mainr- 
taining  the  productivity  of  certain  tj'pes  of  soils.    Ilrny  farms  in 
the  United  States  are  relative Ij^  close  to  sources  of  silt^  including 
some  faiTis  thrt  are  submarginal  and  are  not  novr  produciiig  their  share 
of  the  Nation's  food  crops.    Conditions  that  apperx  to  be  favorable 
to  the  beneficial  use  of  silt  on  farm  land  are:     (l)  that  the  orir^inal 
soils  are  relatively  sandy  or  opcn-text^ored^   (2)  that  the  silt  con- 
tains essential  ^lant  nutrients  vhich  become  available  in  r  relativcl-^^ 
short  tine^  and  (3)  that  the  silt  can  be  obtained  and  spread  over  the 
land  at  a  reasonable  cost. 

This  paper  is  a  description  of  a  preliminary  experiiient 
conducted  during  the  spring  of  1937  to  determine  the  jrield  of  millet 
on  Sassafras  loatriy  sand  from  a  submarginal  farm,  near  Ur^per  Marlboro, 
Hd.,  T/iien  this  soil  is  treated  under  greeriiiouse  conditions  vdth  an  ad-^ 
mixture  of  various  a^uantities  of  silt  obtained  from,  the  adjacent 
Patuxent  River,    Although  the  lack  of  sufficient  replication  of  pots, 
ajid  the  absence  of  adea^uate  experimental  control,  prevent  tiie  results 
from^  being  fully  acceptable  statistically,  the  data  do  suggest  that 
this  soil  could  be  m.aterially  Improved  under  field  conditions  by  silt 
admixture  if  facilities  vrere  available  for  plrcing  silt  on  the  land. 

In  general,  the  experiment  consisted  of  setting  up  a  number  of 
pots  containing  Sassafrrs  loamy  sand  obtained  directly  from  a  culti- 
vated field  in  Maryland,    To  the  soil  in  each  of  these  pots  «'as  mdxed 
a  micasured  quantity  of  silt  obtained  from  the  Patuxent  River,  llillet 
vras  used  as  a  test  crop,  and  the  groTrth  rate  and  dry  weight  of  the  straw 
and  grain  were  used  as  a  basis  of  comparison  of  productivity  of 
individual  pots. 

Source  of  Srm.ples 

• 

The  Patuxent  River  has  a  drainage  area  of  963  square  m.ilos, 
Ijd-ng  entirely  within  the  State  of  Maryland.    Tiie  upper  part  of  the 
watershed  lies  on  the  Piedmont  Plateau  and  the  lov;er  pr rt  on  the 
Coastal  Plain,  tiiese  regions  being  the  riain  physiographic  subdivisions 
of  the  Atlantic  Slope.    Th::-  Piedmont  Plateau  is  underlain  Irrgely  by 
crystalline  ixDcks,  principally  granites,  gneisses,  and  schists,  vrhich 
give  rise  to  residual  Chester  and  rclated  soils;  and  the  Co?stal  Plain 
is  underlain  by  unconsolidated  clays,  spnds,  and  gravels,  vhich  give 
rise  to  Sassafras  rnd  Collington  soils.    The  drainage  rxea  is  to  a 
laxge  extent  rural  and  agricultural. 
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There  r.rc  r.pproxirn'^.tcly  20^000  c.crcs  of  3r.ssr.frr.s  Ic^ny  s-^.nd 
adnr.cont  to  tlic  ?r.tuxent  liiycr  end  its  tributrri&s.     It  is  estiiiirt^d 
thnt  ".bout  50  percent  of  this  r.rcr.  is  not  in  cultivr.tion  r^.t  present, 
althoagh  most  of  it  hr:s  been  cler.rcd  -nd  cultivated  r.t  one  time  or 
another •    The  soil,  becmse  of  its  porous  nature,  T.-arms  up  readily  in 
the  spring  and  for  this  reason  is  used  principally  by  track  grov-ers._ 
It  requires,  however,  a  heavj^  am-:u?l  applicaT-ion  of  fertilizer  and 
manure • 

The  Sassafras  loamy  sand  used  in  tills  experment  v:as  obtained 
from  the  upper  6  inches  of  a  field,  last  cultivated  in  193U)  on  the 
Sutherland  farm,  located  on  trs  left  banlv  of  the  ?atu:-cent  River  in 
the  southern  part  of  Anne  Arundel  County,    The  land  on  this  farm  has 
been  in  cultivation  for  mi.any  years ^  and  has  deteriorated  to  such  a 
degree  that  after  a  field  is  cropped  for  1  j'ear  it  is  taken  cut  of 
cultivation  for  at  least  3  yeoTS  in  order  to  produce  another  satis- 
factory crop.    The  principal  crops  are  corn  and  tobacco. 

Tlx  silt  used  for  the  treatment  of  the  Sassafras  loamy  sand  in 
the  r)O"0  cultures  T.-as  obtairied  from,  various  sections  of  the  Patuxent 
River  adjacent  to  the  Sutherland  property.    In  this  vicinity  ~.he  rirer, 
Y.'ith  a  tidal  range  of  2.5  feet,  ilo— s  in  a  submerged  valley  which  con- 
tains numierous  mud  flats.    The  valley  op:3osite  thie  Sutherland,  fam  is 
considerably  ^vider  than  that  part  of  it  imimediately  upstream  arid,  as  a 
result,  there  is  a.  reduction  of  velocity,  ^.luh  a  correspondiiig  de- 
crease in  silt-carrying  capacity,  of  the  v'aters  entering  this  section 
of  the  river.    Consequently,  sedimentation  in  this  section  is  very 
rapid.    A  9-foot  channel,  dredged  in  1891  to  a  point  approximately  4 
miles  above  the  Sutherland  nronertv,  has  since  filled  un  T'ith  sedix-ent 
derived,  for  the  most  part,  from  the  upland  soils  of  th2  vratershed. 

The  silt  T:as  taken  from  the  idver  -'ith  a  post-hole  digger  and 
removed  to  the  University  ox  Liaryland  greenhaise,  "here  it  Tjas  allovred 
to  dry  preparatory  to  m.ixing  vrith  the  Sassafras  loamy  sarid.    The  silt 
dried  rapiilj^  and  formed  very  hard  lumps,  making  it  necessary  to  use  a 
hammer  to  pulverize  them,    A  lump  placed  outside  the  greenhouse,  viiere 
it  T7as  acted  upon  by  natural  Tjeathering  coniitions,  including 
temperature  changes  and  alternate  wetting  and  drying,  crumbled  to  a 
loose  soil  after  several  months  of  exposure.    Each  rain  had  a  notice- 
able effect  upon  the  disintegration  of  this  liurip,    Sariples  of  v.'ct  and 
dry  silt,  together  ".:ith  srjnples  of  soil,  "rare  chemically  r.nal7,^ed  by 
Dr,  R,  ?,  Thom.as,  Ri^ofessor  of  Soils  at  uhe  University  of  liaryland. 
The  results  of  this  analysis,  obtained  by  rapid  soil-testing  methods, 
are  given  in  table  1, 
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After  several  "reeks'  aeration  the  silt  vras  thoro-a^lv  n:-y:ed 
■"vTith  the  Sassafras  loamy  sand  in  various  proportions  by  volume. 
It  T;as  considered  that  a  pot  containing  5  parts  of  soil  to  1  part  of 
silt  v:?s  equivalent  to  a  field  plorred  to  a  depth  of  6  incr.es,  upon 
which  1  inch  of  silt  had  been  added.    All  pots  vrere  set  up  in  dupli- 
cate^  each  containing  approximately  11  kilograriS  of  soil.  Fertilizer 
YJas  added  at  the  rate  of  0.25  gram  per  kilogram^  v.'hich  vras  taken  to 
be  equivalent  to  500  pounds  per  acre.    The  fertilizer,  lil:e  the  silt, 
7:as  thoroughly  mi>:ed  T.'ith  the  soil. 

The  follov.'ing  pots  7-ere  established  in  duplicate: 

Pot  A  -  original  soil  y.'ith  no  treatment.    Field  cropped 
in  193 U. 

Pot  3-1  part  of  silt  to  5  parts  of  original  soil  by 
volume,  equivalent  to  1  inch  of  silt  on  field. 

Pot  C  —  2  parts  of  silt  to  4-  parts  of  original  soil  by 
volume,  equivalent  to  2  inches  of  silt  on  field. 

Pot  D  ~  3  parts  of  silt  to  3  parts  of  original  soil  by 
volume,  equivalent  to  3  inches  of  silt  on  field. 

Pot  E  -  -4  parts  of  silt  to  2  parts  of  original  soil  by 
volume,  equivalent  to  4  inches  of  silt  on  field. 

Pot  F  -  all  silt  as  taken  from  the  river,  not  as 

thoroughly  aerated  as  silt  used  in  other  pots. 
Equivalent  to  ploT>-slice  depth. 

Pot  G  -  original  soil  vdth  no  silt  but  -i.th  4^-6-5  ferti- 
lizer added  at  the  rate  of  500  pounds  r^e-  acre. 

Pot  K  -  1  part  of  silt  to  5  parts  original  soil  by 

volume  T^ith  superphosphate  added  at  the  rate  of 
500  pounds  per  acre. 

Pot  I  —  1  part  of  silt  to  5  parts  of  original  soil  by 
volume  vrith  ammonium  sulfate  added  at  the  rate 
of  250  pounds  per  acre , 
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Approximately  30  seeds  of  ■aeman  millet,  e.  variety  of  Fox- 
tail millet  (Set  aria  it  alio  a) ,  irere  planted  in  each  pot,    Vi"ater  iras 
added  to  each  pot  in  equal  quantities  at  regular  intervals,  .  Ylhon 
the  plants  reached  several  inches  in  height,  all  but  the  ten  most 
hardy  plants  yrere  removed  from  each  pot.    Tabulation  of  the  average 
height  of  plants  began  the  fourth  week  after  planting,  and  urns  con- 
tinued each  vreek  thereafter  through  the  tivelfth.. 


Tables  2  and  3  give  the  aver^.ge  height,  the  average  dry  iveight 
of  grain  and  strajr,  and  the  percentage  increase  over  the  original 
soil  based  on  20  plants  for  each  set  of  pots. 
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Discussion  of  Results 

Tables  2  and  3  shoi;  that  the  mixinc  of  Patuxent  River  silt  yith 
Sassafras  loamv  srnd  results  in  an  enormous  increase  in  the  -vrLcld  of 
millet  under  greenhouse  conditions.    The  application  of  a  A'-o— 5  ferti-- 
lizer  at  the  rate  of  500  pounds  per  acre  gave  an  increase  in  p.eld  of 
only  86  percent  over  that  of  the  original  soil^  T.hilo  the  application 
of  1  inch  of  silt  gave  an  increase  of  239  percent.. 

The  effect  of  mixing  silt  in  various  proportions  to  tlie  original 
soil  is  illustrated  in  Figures  1  vrA  2.    These  curv:s  shoyj'  a  great 
increase  irith  the  addition  of  the  first  inch  of  silt  to  the  original 
soil,  but  only  a  relatively  small,  though  gradual,  increase  for  each 
additional  inch  after  the  first.    The  yield  measurements  of  the  pot 
containing  3  inches  of  silt  shoued  a  deviation  from  this  trend;  and, 
although  it  is  still  ">.;ithin  the  limits  of  error,  it  is  thought  that 
part  of  the  grain  and  stravr  from  this  pot  uas  lost  in  the  process  of 
developing  a  satisfactory  method  of  separating  the  grain  from,  the  chaff. 
In  all  other  pots  the  average  height  of  t-he  plants  and  the  ^v'leld  of 
grain  shoY/cd  a  definite  relationship  to  the  mount  of  silt  mixed  Y.'ith 
the  original  soil. 

In  order  to  determine  v.hether  there  tt.-^s  a  deficiency  of  available 
phosphorus  in  the  silt.  Pot  H,  contaj.ning  a  soil-silt  mixture  of  1  part 
of  silt  to  5  parts  soil,  ^ras  set  up  and  superphosphate  added  at  the  rate 
of  500  pounds  per  acre.    Since  no  increase  in  yield  t."^.s  obtained  over 
the  pot  containing  1  inch  of  silt  to  5  parts  of  original  soil  and  irith 
no  fertiliser,  it  is  believed  a  sufficient  am,ount  of  available 
phosphorus  iras  present  in  the  silt  at  least  to  supply  the  needs  of 
millet , 

A  similar  test  rras  made  for  available  nitrogen  by  adding 
ammonium  sulfate,  at  the  rate  of  250  pounds  per  acre,  to  a  sil1:^soil 
mixture  composed  of  1  part  of  silt  to  5  parts  of  soil.    This  pot 
showed  a  substantial  decre'^.se  in  yield  as  compared  to  that  for  the  pot 
containing  only  1  inch  of  silt  to  5  parts  of  original  soil  "nd  no 
fertilizer.    It  is  thought  th-^.t  this  fertilizer  may  have  had  an 
acidulating  effect  on  the  silt-^soil  mixture  which  caused  a  decre'".se  in 
yield. 
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0  12  3  4  5  6 

Silt  added  to  original  soil  (inches) 

Rgure  I.  -  Curves  showing  the  growth  rote  and  production  of  millet 
on  sassafras  loanny  sand  for  different  soil  treatments. 
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It  is  believed,  that  the  increase  in  the  y±eld  of  nillet  cfaiscd 
by  mincing  silt  vrith  the  soil  is  due  inainly  to  ohe  fertiliziL:g  and  soil- 
conditioning  effect  of  the  silt.    An  inspection  of  the  Tratershed  shoi.'ed 
that  tlie  silt  load  of  the  Patuxent  River  is  derived  almost  entirely 
frori  sheet  erosion  of  the  topsoil  and  that  only  a  riinor  einount  is 
derived  fr on' gii Hying  of  the  subsoil.    The  most  fertile  part  of  all  of 
the  soils  of  the  Pat^jxcnt  River  iTatershed,  therefore^  has  contributed^ 
^/ear  after  year^  to  the  silt  deposits  from  v.-hich  the  samples  for  this 
experiment  i/ere  obtained.    It  is  apparent  that  the  fertilizing  effect 
of  this  silt  must  be  great  to  an  mpovcrishod  soil  such  as  the 
Sassafras  lorjny  sand. 

The  increase  in  yield  of  nillet  may  have  been  due  in  part  to  the 
effect  the  silt  may  have  had  in  decreasing  the  h^^niro gen-ion  concentra," 
tion  of  the  original  soil.    This  soil  had  a  pH  value  of  4,9^  Trheroas 
that  of  the  silt  yfrs  determined  to  be  5  •6,    Ivlixing  the  tvjo  probably 
resulted  in  a  somevrhat  less  acid  soil  condition  than  that  of  the 
original  soil^  and  this^  in  turn^  has  had  some  effect  in  producing  an 
increased  yield  of  millet. 

Inasmuch  as  the  plants  received  sufficient  i:ater  at  rll  times 
in  the  greenhouse^  any  increase  in  ^r^-^ld.  due  to  improverient  of  the 
T.'ater-holding  capacity  of  the  siit— soil  m.ixtures  probably  vras  sm.all. 
The  improvement  of  the  r-ater^-holding  capacity,  hox^evBTy  Trould  be  of 
greater  im^soortance  under  actual  field  conditions  than  it  Y'ould  be  uiiier 
greerliouse  conditions. 

This  experixient^  conducted  under  greenhouse  conditions,  su-ggests 
that  the  admixture  of  a  limited  quantity  of  Patu::ent  River  silt  to 
Sassafras  loam.v  sand  adds  considerrblv  to  tl^e  '.d.eld  of  m.illct  on  this 
soil.    Before  final  conclusions  can  be  draivn,  hovrever,  the  experiment 
would  have  to  be  repeated  '.'■ith  other  t^'pes  of  crops  on  a  much  larger 
scale,  preferably  unf.'jr  field  conditions.    This  experir.Tent  serves 
primarily  to  emphasize  the  need  for  further  studies  along  these  ].ines 
to  determine  T-tiether  the  yields  of  essential  food  and  fiber  crops  could 
be  increased  in  a  simdlar  m.anner  under  field  conditions  and  at  a 
reasonable  cost. 

Along  the  outer  edge  of  the  Coastal  Plain  region  of  the  United 
States  there  are  numerous  estuaries  T.'hich  are  similar  in  origin  to  that 
of  the  Patuxent  River,    These  hold  millions  of  cubic  yards  of  sedLmcnt; 
Y/hile  adjacent  to  them  are  large  areas  of  sandy  non-productive  Sassafrrs 
and  Norfolk  soils  Trio,  ch  are  generally  quite  similar  to  the  soil  used  in 
this  experiment.    These  soils,  in  many  cases,  probably  could  be 
improved  if  the  sediment  proved  to  increase  the  productivity  of  these 
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soils  to  the  srjue  degree  o.s  that  indicr.tcd  by  the  Patiixent  River 
sediment  in  the  experiment  described.    This  practice  Trarrants  con«- 
sideration  inasmuch  as  the  Coastal  Plain  area  has  today  the  greatest 
fertilizer  consumption  of  any  area  of  equal  size  in  the  United  States, 
During  1938^  50  percent  of  all  of  the  fertilizer  sold  in  the  United 
States  vras  consumed  in  the  South  Atlantic  region^  nearly  a  third  of 
this  in  North  Carolina  alone,    A  serious  fertilizer  shortage  Trould 
have  a  pronounced  effect  in  this  section.    As  a  wartine  conservation 
measure^  the  use  of  silt  mi^.t  be  considered^  after  adequate  testings^ 
as  a  possible  supplement  to  commercial  fertilizer  in  this  region. 
Farmers  might  profitably  set    aside  small  areas  of  their  fields  yrhere 
experiments  similar  to  the  one  described  above  could  be  conveniently 
carried  out  under  field  conditions. 


